ABSTRACT Contemporary distribution of North American species has been shaped by past glaciation events during the Quaternary period. However, their effects were not as severe in the southern Rocky Mountains and Northern Mexico as elsewhere in North America. In this context, we test hypotheses about the historical demography of Dendroctonus pseudotsugae, based on 136 haplotypes of mitochondrial cytochrome oxidase I. The phylogenetic analysis yielded four haplogroups corresponding to northwestern United States and southwestern Canada (NUS), southwestern United States (Arizona, SUS), northwestern Mexico (Sierra Madre Occidental, SMOC), and northeastern Mexico (Sierra Madre Oriental, SMOR). Predictions of demographic expansion were examined through neutrality tests against population growth and mismatch distribution. Results showed that the NUS and SMOC haplogroups have experienced demographic expansion events, whereas the SUS and SMOR haplogroups have not. Divergence times between pairs of haplogroups were estimated from early to middle Pleistocene. The longer divergence time between NUS and all other haplogroups could be the result of refugia within the PaciÞc Northwest and northern Rocky Mountains and long-term isolation from southernmost populations in Mexico. The results obtained in this study are in agreement with the evolutionary history of the host Douglas-Þr, as the warmer climates of interglacial periods pushed conifers northward of Colorado, New Mexico, and Arizona, whereas environmental changes reduced the population size of Douglas-Þr and forced fragmentation of distribution range southward into northern Mexico.
It has been long suggested that a common factor leading to contemporary distribution of northern hemisphere species is the past glacial-interglacial cycles of the Quaternary period (Hewitt 1996 ). Ancient pollen and fossil records have shown that the distribution of organisms changed very rapidly as the ice sheets moved back and forth (Hewitt 1996, Hewitt and Ibrahim 2001, and references therein) . A direct consequence of receding ice sheets has been a shift in species distribution range; northern territories become available for colonizers, and their genetic diversity tends to be lower than that of southern populations. However, a pattern of lower genetic diversity in the north and higher genetic diversity in the south also depends on Þtness, regional geography, and the existence of particular relationships with other organisms, such as hosts (Hewitt 1999 , Petit et al. 2003 . Comparisons among several taxa over the same area have revealed congruent geographical patterns of genetic variation and colonization routes, and led to the inference of common historical factors (Soltis et al. 1997 , Taberlet et al. 1998 , Arbogast and Kenagi 2001 , Avise 2004 .
In the case of bark beetles (subfamily Scolytinae), some historic and demographic processes have already been described using phylogeographic approaches, leading to the identiÞcation of refugia in southern Europe and northern Russia for Ips typographus (L.), coincident with its host Picea abies (L.) Karst (Stauffer et al. 1999 ); fragmented range distribution associated with Pinus L. host in Tomicus destruens Wollaston and Tomicus piniperda L. (Faccoli et al. 2005) ; and a west-east direction in range expansion in the southwestern United States as a consequence of Pleistocene glaciations in Ips confusus Leconte (Cognato et al. 2003) . Recently, phylogeographic inferences of some Dendroctonus Erichson species have also been made. For example, multiple glacial cycles have produced at least three different refugia (Beringia, Rocky Mountain, and northwest United States) in the PaciÞc Northwest for spruce beetles (Maroja et al. 2007 ); divergent populations bearing molecular signals of recent range-wide expansion to the north in mountain pine beetle (Mock et al. 2007) ; and continuous dispersion events, allopatric fragmentation, and long distance colonization for Dendroctonus mexicanus Hopkins, with no clear relationships between contemporary distribution and mountain systems or hosts (Anducho-Reyes et al. 2008) .
Many species of bark beetles and other endemic species occur within the temperate conifer forests of western North America (Brunsfel et al. 2001) . Although some of them are codistributed species that actually differ in their phylogeographic patterns, it is likely that having common vegetation zones and environments suggests that they responded similarly to past climatic events (Soltis et al. 1997 ). Among them is the Douglas-Þr beetle (Dendroctonus pseudotsugae Hopkins), a species distributed along the northwest PaciÞc coast, the Cascade Range, and the Rocky Mountains in North America; and the Sierra Madre Oriental and Sierra Madre Occidental in northern Mexico. The distribution range of this beetle matches that of its host, Douglas-Þr (Pseudotsuga menziesii [Mirbel] Franco), in the PaciÞc Northwest and Rocky Mountains. However, although the host is present in central and southern Mexico, the beetle is not (Ruiz et al. 2009a) . Recent studies have demonstrated that D. pseudotsugae consists of two subspecies (Furniss 2001 , Ruiz et al. 2009b : Dendroctonus pseudotsugae barragani Furniss represented by populations of northern Mexico, and the nominal subspecies, D. pseudotsugae pseudotsugae Hopkins, integrated by all other populations.
The past distribution and demographic history of D. pseudotsugae are associated with the evolutionary history of its host. Such association is a consequence of the evolutionary history of conifers in North America, with remarkable differences between North America north of Mexico and northern Mexico (Farjon and Styles 1997) . The distribution range of conifers at the end of the Tertiary period in this region was essentially the same as what is occupied now; however, the northern boundary was as far north as southern Alaska, and during the upper Tertiary conifers gradually advanced southward into southwestern North America (Farjon and Styles 1997, Hu et al. 2009 ). However, northern Mexico became available to invasion by conifers as soon as the Miocene volcanic activity ceased (Mirov 1967) . Apparently, conifers colonized northern Mexico in this epoch via the West Coast ranges and around the Gulf of Mexico (Mirov 1967, Farjon and Styles 1997) . After these events, many geological and climatological events prevented dispersal of conifer forest in northern Mexico, namely the Neogene geomorphological origin and division of southwestern North America deserts; the climatic oscillations (latitudinal and altitudinal) associated with pluvial-interpluvial cycles of the Pleistocene; and other post-Wisconsinan Þlter barriers (Hafner and Riddle 2005) .
Some studies have shown that the evolutionary history of species from the PaciÞc Northwest and northern Rocky Mountains has been shaped by Pleistocene glacial processes. The phylogeographic studies (Brunsfeld et al. 2001 , Carstens et al. 2005a , 2005b , Steele and Storfer 2006 , Brunsfeld et al. 2007 ) have been analyzed in the framework of the following hypotheses: 1) ancient vicariance, where populations from the Cascade Range are clearly and deeply separated from populations from the northern Rocky Mountains; 2) inland dispersal northward, where older populations from the southern Cascades moved to more recent northern Cascades and northern Rocky Mountain populations; and 3) inland dispersal southward, where older populations from the northern Cascades moved to more recent southern Cascades and northern Rocky Mountain populations.
However, no equivalent phylogeographic hypotheses have been proposed for southern Rocky Mountain and northern Mexico regions. These nonglaciated regions could represent many refugia for the species in the presence of climatic changes of the Pleistocene (Brunsfeld et al. 2001 , Steele and Storfer 2006 , Aoki et al. 2008 . The exact location of particular refugia in these regions has been difÞcult to determine because the pollen of some conifers is morphologically indistinguishable (Bartlein et al. 1998) . This is the case of Pseudotsuga Carriere pollen, which is frequently confused with Larix Mill pollen (see http://www.ncdc. noaa.gov/paleo/pollen/viewer/webviewer.html). Nonetheless, many biogeographic studies involving montane insects, vertebrates, and plants have found a closer relationship between the mountains of northern Arizona and the Sierra Madre Occidental than between the Sierra Madre Occidental and the Sierra Madre Oriental (Liebherr 1994; Farjon and Styles 1997; Marshall and Liebherr 2000; Morrone 2005) . Our hypothesis to test is that a similar relationship would be expected to exist among populations of D. pseudotsugae.
The purpose of this study was to assess congruence between phylogeographic patterns and hypotheses about the existence of ancient refugia in the PaciÞc Northwest and Rocky Mountains, corresponding expansion routes, and demographic history. Location of the refugia was assessed following the three hypotheses described above (sensu Brunsfeld et al. 2001 ) on the D. p. pseudotsugae populations. Furthermore, we analyzed the relationship between the populations of the mountains of northern Arizona (D. p. pseudotsugae) and northern Mexico (D. p. barragani) following the biogeographic relationship described above (Marshall and Liebherr 2000, Morrone 2005 ). These two goals were achieved by constructing evolutionary, phylogenetic, and demographic models, along with coalescing simulated data underlying these models. Finally, we determined whether southwestern United States and northern Mexican D. pseudotsugae populations are more diverse and have expe-rienced more constant population sizes through time than northern ones. Our study was based on current geographic distribution of 34 different populations, and the analysis of a region of the mitochondrial cytochrome oxidase I (COI) gene.
Materials and Methods
Sample Collection and DNA Amplification. Population sample locations were chosen to cover the entire distribution of D. pseudotsugae in North America from Canada to northern Mexico (Table 1 ; Fig. 1 ). Live adult beetles were collected directly under the bark of recently infested trees and preserved in 100% ethanol or stored at Ϫ80ЊC until analyses and saved as vouchers in the Escuela Nacional de Ciencias Bioló gicas-Instituto Politecnico Nacional entomological collection. DNA extractions were carried out using DNeasy tissue kit (Qiagen, Valencia, CA), following manufacturerЈs protocol. AmpliÞcation of mitochondrial DNA (mtDNA) COI region was carried out, as described in Ruiz et al. (2009a) , using primers C1-J-2441 and TL2-N-3014 (Simon et al. 1994 ). Amplicons were puriÞed using GFX polymerase chain reaction DNA and Gel Band PuriÞcation Kit (Amersham Biosciences, Buckinghamshire, United Kingdom), and sequenced with an ABI Prism 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA). We did not observe polymerase chain reaction ghost bands nor Þnd a signiÞcant proportion of sequence ambiguities, which suggests that no nuclear pseudogenes of mtDNA (Numts) were ampliÞed (Bensasson et al. 2001) . Sequences were edited manually and aligned with ClustalX 1.83 (Thompson et al. 1997) . GenBank accession numbers of the resulting haplotypes are EU043405ÐEU043464, EU193124 ÐEU193152, and FJ174745ÐFJ174791. All sequences obtained correspond to positions between 2428 and 2977 in the Drosophila yakuba mitochondrial genome (accession X03240). This particular region was chosen because previous sequence analyses revealed that nucleotide divergence is appropriate to assess population differences in D. pseudotsugae, which has also been observed in other Dendroctonus species (AnduchoReyes et al. 2008) .
Molecular Phylogenetic Reconstruction. To reconstruct the phylogenetic relationships among mtDNA haplotypes, we used the maximum-likelihood (ML) algorithm implemented in the program aLRT-PHYML (Guindon and Gascuel 2003) . Before the ML analysis, we determined an appropriate model of DNA evolution and model parameters using both the Akaike Information Criterion (AIC ϭ 8834.07, ϪlnL ϭ 4409.04, K ϭ 8; where -InL is the value of negative natural logarithm of maximum likelihood and K is the number of parameters) and hierarchical likelihood ratio (ϪlnL ϭ 4412.65, K ϭ 7) tests, as implemented in Modeltest v3.7 (Posada and Crandall 1998) . Both of these tests supported the Tamura-Nei model (Tamura and Nei 1993) with ␥ (G ϭ 0.51) distributed rate variation and estimated proportion of invariable sites (I ϭ 0.63). These G and I values, along with optimized base frequency and ratio of transition/transversions (under ML criterion), were used in aLRT-PHYML. We chose to optimize the topology of the tree rather than branch length. To estimate the reliability of each node, the approximate likelihood ratio test (aLRT; Anisimova and Gascuel 2006) with the ShimodairaHasegawa-like procedure option was used. The sister species Dendroctonus simplex LeConte was used as the outgroup (accession AF067985). The main clades resulting from the phylogenetic reconstruction were used as natural groups (haplogroups) to test phylogeographic hypotheses, the demographic history, and the divergence time between D. pseudotsugae populations.
We also estimated the number of segregating sites, haplotypes, haplotype diversity, and average number of nucleotide differences for each haplogroup and all haplogroups combined using DnaSP v4.50 (Rozas et al. 2003) . The TajimaЈs D statistic (Tajima 1989), Fu and LiЈs (1993) D, and FuЈs (1997) F S were also estimated on the haplogroups recovered by phylogenetic analysis to detect departures from the mutation-drift equilibrium that could be indicative of natural selection. These tests were implemented using both DnaSP and Arlequin v3.11 (ExcofÞer et al. 2005) .
Analysis of Demographic History. Changes of effective population size through time were examined following two different approaches. Both were designed to test the major haplogroups as revealed by the molecular phylogenetic analyses (northwestern United States and southwestern Canada ϭ NUS, Southwestern United States ϭ SUS, Sierra Madre Occidental ϭ SMOC, and Sierra Madre Oriental ϭ SMOR; Fig. 2 ). These approaches include the following: 1) neutrality tests against population growth and 2) distribution of pairwise differences (mismatch distribution; Rogers and Harpending 1992) . First, the TajimaЈs D statistic, although originally designed to test for selective neutrality, can also be used to infer demographic history (Ramos-Onsins and Rozas 2002). For stable populations at demographic equilibrium, the estimated value of ( ϭ 2N e ) is the same, based either on the number of segregating sites ( S ) or on pairwise nucleotide differences ( ). Because assesses the frequency of the mutant alleles, it is more sensitive to recent changes in effective population size. Thus, negative values of TajimaЈs D statistic can reveal recent demographic expansion. We also used FuЈs F S (Fu 1997) To test for signiÞcance, we generated 10,000 random simulations of the data, under the hypothesis of selective neutrality and population equilibrium. The three tests were implemented using either the DnaSP or Arlequin programs (see above).
Second, to test for sudden population expansion, we used the mismatch distribution. In this approach, the distribution of pairwise sequence differences is ex-pected to be multimodal when haplotypes are drawn from populations at demographic equilibrium, but unimodal when haplotypes are drawn from populations that have undergone sudden demographic expansion. (Slatkin and Hudson 1991, Rogers and Harpending 1992) . To reßect a sudden population growth from N 0 to N 1 at t generations ago, the approach implemented in Arlequin v3.11 assumes a stepwise expansion model. We followed the method of Schneider and ExcofÞer (1999) , and estimated three demographic parameters, as follows: 0 ϭ 2N 0 , 1 ϭ 2N 1 , and ϭ 2ut, where u is the mutation rate for the whole gene region. The goodness-of-Þt of the observed data to a simulated model of expansion was tested with the Locations are sorted by geographic area (names are as given in Fig. 1 ). Private haplotypes are underlined. Numbers in parentheses correspond to haplotype frequencies. Table  1 sum of squared deviations (ExcofÞer 2004). We also computed the raggedness index (rg) of Harpending (1994) . When the validity of the model was conÞrmed, we further investigated the time since the putative expansion event from , using a generation time of this insect as 1 yr (Wood 1982) , and a divergence rate of 1.1% per million years (Brower 1994) . For all these parameters, we also obtained conÞdence intervals (95%) by means of 10,000 randomizations of the data.
Divergence Time Between D. pseudotsugae Populations. To estimate divergence times among haplogroups of D. pseudotsugae populations inferred by phylogenetic analyses, we used the program MDIV (Nielsen and Wakeley 2001) . The software allows obtaining reliable joint estimates of divergence times and migration rates of two populations. MDIV estimates (ϭ2N e ) and T (the divergence time between populations where one time unit ϭ N e generations). The program was Þrst run using default searching settings and default priors. Then we set our prior maximum value of M max (M ϭ scaled migration rate) and T max (T ϭ scaled divergence time) to 10 and 5, respectively, because previous runs with the program MDIV have shown that they produced consistent and well-behaved posterior distributions. The integrated likelihood function surfaces were obtained using the Þnite sites model HKY, with a 5,000,000 generation of Metropolis-Hastings Markov chain Monte Carlo and a 1,000,000 generation burn-in time to explore the solution space. This was repeated three times to ensure convergence upon the same posterior distributions for each of the parameter estimates. The modes of posterior distribution for both and T were used to estimate divergence times between haplogroups of D. pseudotsugae, according to the formula: T pop ϭ [(t pop ⍜)/2L] 1/ (Brito 2005), where T pop is the population divergence time, L is the sequence length (550 bp) and the mutation rate per site per generation. In this study, we also used the often cited 1.1% per million years per lineage for arthropod mtDNA (Brower 1994).
Results
We sequenced 550 nucleotides of mitochondrial COI, and 143 variable sites were found. We identiÞed 136 haplotypes of 331 sequences; 70 haplotypes were shared among several individuals, whereas each of the remaining 66 haplotypes was found in single individuals (Table 1; Fig. 2 ). The three most common haplotypes were found in the northern Rocky Mountains (H004, H006) and in the southern Sierra Madre Occidental mountain range (H110), representing 17.82% of all haplotypes. The relatively high proportion of haplotypes to individuals sequenced (Ϸ41%) suggests a poor likelihood of having sequenced slower evolving nuclear copies (Sorenson and Fleischer 1996, Pereira and Baker 2004) .
Molecular Genealogy of the D. pseudotsugae Haplotypes. The phylogenetic reconstruction is shown in Fig. 2 Despite the fact that these clades seemed to have low statistical branch supports, they can be considered as reliable groups because the probability of an inferred branch is directly proportional to the cutoff probability, and the aLRT test tends to perform as well as other branch tests (based on nonparametric ML bootstrap supports) or better (Bayesian posterior probabilities), with a cutoff probability between 60 and 80 (Anisimova and Gascuel 2006). Haplotypes from the NUS clade were found in all 19 localities in North America north of Mexico (CRAZ, APAZ, FLAZ, PKAZ, DECO, LACO, SBWY, NAWY, RGOR, MHOR, JDOR, BCOR, SCOR, EROR, DHOR, CHWA, CAID, MSMT, and RVBC); however, haplotypes from SUS were only found in three localities from Arizona (APAZ, CRAZ, and FLAZ; Fig. 2) . Haplotypes from the SMOC group were found in all 15 localities where D. p. barragani were collected (SNLO, MCOA, LCOA, ACOA, ADGO, SDGO, YDGO, HDGO, CDGO, PDGO, MDGO, EDGO, LDGO, ECHI, and CCHI), whereas the haplotypes from the SMOR group were only found in six localities (ECHI, LDGO, EDGO, MEDGO, ACOA, and SNLO; Fig. 2 ).
All haplogroups analyzed (based on phylogenetic analyses; Fig. 2 ) are characterized by high haplotype diversity (Hd ϭ 0.982; Table 2 ). The mean nucleotide diversity () estimated was 0.034 (SD ϭ 0.001). Nonetheless, values vary greatly among haplogroups (Table 2); it is highest in SMOC ( ϭ 0.025) and NUS haplogroup ( ϭ 0.02), followed by the SMOR ( ϭ 0.017). The lowest was SUS ( ϭ 0.014). Fu and LiЈs Abbreviations of each haplogroup are as given in Fig. 1 (Tables 2 and 3 , respectively) revealed an overabundance of singleton mutations and rare haplotypes in NUS and SMOR haplogroups; however, none of them are statistically signiÞcant (P Ͼ 0.05), reßecting no departures from the mutation-drift equilibrium. The TajimaЈs D values were lower than expected in all but one haplogroup (NUS, SMOC, and SMOR), but no statistical signiÞcance was found (Table 3). This test also revealed no statistical signiÞcance for the total of the geographic samples (D ϭ Ϫ0.52339, P Ͼ 0.05).
Demographic History. The TajimaЈs D revealed negative values for the NUS, SMOR, and SMOC haplogroups found in the phylogenetic analysis, but not in SUS (Table  3) , and none were statistically different from zero (P Ͼ 0.05). Negativity of this value is consistent with demographic expansion events. However, both F S and R 2 tests revealed statistical signiÞcance for the NUS haplogroup, strongly suggesting that populations from the northwestern United States-southwestern Canada have experienced demographic expansion events. The mismatch distribution of observed mitochondrial haplogroups failed to reject the model of sudden demographic expansion in both the NUS and SMOC haplogroups (Table  3 ; Fig. 3 ). In contrast, the SUS and SMOR haplogroups showed a multimodal mismatch distribution (sum of squared deviations ϭ 0.0224, P Ͻ 0.05; sum of squared deviations ϭ 0.0494, P Ͻ 0.01, respectively), suggesting stable population sizes through time (Table 3 ; Fig. 3) . Estimation of time since the putative expansion event from (using 1.1% per million years) for the NUS and SMOC haplogroups was dated to 230,000 (95% conÞ-dence interval: 137,000Ð539,000) and 115,000 (95% conÞdence interval: 40,000Ð522,000) yr ago, respectively.
Divergence Time Between D. pseudotsugae Populations. Estimates of , N e Ǩ, T, time to the most recent common ancestor (T MRCA ), and T pop among different haplogroups were used to determine whether corresponding temporal divergence of those haplogroups was consistent with a Pleistocene timescale (Table 4) . Assuming one generation per year (Wood 1982) and the estimate of 1.1% per million years per lineage for mtDNA COI (Brower 1994), the greatest estimated divergence times between the NUS and both SMOC and SMOR haplogroups were very similar (1.08 and 1.03 million years [Myr] , respectively), around the early Pleistocene. As expected, the more recent estimated divergence times were between the NUS and SUS (0.47 Myr) and SMOC and SMOR (0.55 Myr) haplogroups, around the middle Pleistocene. It is also noteworthy that both the SMOC and SMOR haplogroups seem to diverge from the SUS at almost the same time (0.65 and 0.68 Myr, respectively).
Discussion
Ancient Versus Recent Populations Inferred by Genetic Variability. The accumulation of independent genetic differences is expected in populations that evolved in allopatry, and higher genetic variability is also expected in ancient populations more than in recent populations, because the latter are frequently a subset that arose from the original gene pool (Hewitt 2004 ). Such differences may be used as genetic markers to trace expansion routes (Hewitt 2004) . Thus, haplotype and nucleotide diversity results allowed identiÞcation of genetically more diverse geographic areas in the northwestern United States-southwestern Canada and the Sierra Madre Oriental in northern Mexico, suggesting that ancient refugial populations of D. pseudotsugae originated within these geographic areas (see below). However, evidence suggests that Pleistocene glaciations have had lower impact on coniferous forest in northern Mexico (including the D. pseudotsugae host P. menziesii), with no Pleistocene refugia identiÞed in the area (Brown 1985) . This may have exerted an effect on the higher values of haplotype and nucleotide diversity of D. pseudotsugae populations in northern Mexico (especially in the ADGO, LCOA, and CCHI localities). In contrast, lower values of haplotype and nucleotide diversity in PaciÞc Northwestern localities (particularly in JDOR, BCOR, MHOR, SCOR, EROR, and DHOR) indicate a model of northward range expansion. Similar results found in other North American and European bark beetles revealed that many range expansion events are linked to postglacial colonization from Pleistocene refugia (Stauffer et al. 1999 , Kohlmayr et al. 2002 , Cognato et al. 2003 , Ritzerow et al. 2004 , Faccoli et al. 2005 (Harpending 1994) . Demographic parameters: 0 ϭ 2N 0 ; 1 ϭ 2N 1 ; and ϭ 2ut; CI ϭ conÞdence interval (see text for details). *, P Ͻ 0.05; **, P Ͻ 0.01; ***, P Ͻ 0.001. , Maroja et al. 2007 , Mock et al. 2007 , Anducho-Reyes et al. 2008 .
Phylogenetic Reconstruction and Molecular Genealogy of D. pseudotsugae. Our results conÞrmed the existence of two lineages corresponding to the extant subspecies: D. p. pseudotsugae and D. p. barragani (Furniss 2001; Ruiz et al. 2009a Ruiz et al. , 2009b . The inclusion of a higher number of collection sites from North America north of Mexico and northern Mexico, and the deÞnition of a higher number of haplotypes, provided a more clearly resolved phylogenetic reconstruction ( Figs. 1 and 2) . Clades I and II have a basal position and similar branch length, indicating that they could have arisen very close in time. Although difÞcult to determine at this point, this could be the result of a very speciÞc past event, such as habitat (i.e., host) fragmentation. It is noteworthy that whereas many haplotypes from the Cascades and northern and southern Rocky Mountains are shared throughout the region, none of them were found within the Sierra Madre Oriental and Sierra Madre Occidental in northern Mexico. Furthermore, the topological patterns of North America north of Mexico populations (clade I, Fig. 2 ) are consistent with the hypothesis of ancient vicariance (AV). Based on palebotanical studies (Graham 1999) , this hypothesis assumes that an ancient continuous mesic forest system was split by the Pliocene xeriÞcation of the Columbia River Basin associated with the Cascade Range. Studies performed with codistributed species (Pinus albicaulis, Salix melanopsis, Adelges coolegy) of Douglas-Þr (the host of D. pseudotsugae) have demonstrated that the AV hypothesis best explains the evolutionary history of these taxa (Richardson et al. 2002 , Brunsfeld et al. 2007 , Ahern et al. 2009 , Gugger et al. 2010 ). Therefore, it is possible that the ancient populations of D. p. pseudotsugae have persisted in the Cascades and northern Rocky Mountains refugia throughout the Pleistocene glacial cycles. However, topology does not show a closer relationship between the mountains of northern Arizona and Sierra Madre Occidental populations than between Sierra Madre Occidental and Sierra Madre Oriental populations (clade II, Fig. 2 ), as was suggested by biogeographic studies for other taxa (Liebherr 1994; Farjon and Styles 1997; Marshall and Liebherr 2000; Morrone 2005 ). The populations of Douglas-Þr of southern North America and northern Mexico may have maintained some degree of continuous distribution through the climatic cycles of the Pleistocene, as has been suggested for many other plant species (Hu et al. 2009 ). However, the Þnal conÞguration of the Sonoran and Chihuahuan deserts promoted the natural fragmentation of conifers (Hafner and Riddle 2005) , which probably led to the loss of intermediate populations of Douglas-Þr and, consequently, to the isolation and differentiation of D. pseudotsugae populations in these mountain systems.
Evidence of Past Demographic Changes in D. pseudotsugae. Although many of the already mentioned results can be used as evidence of historical demographic change (shallow star-like phylogeny, high haplotype and nucleotide diversity, and low frequency of older, more divergent lineages), we specifically tested the hypothesized demographic expansion with two different approaches, as follows: neutrality tests against population growth and mismatch distribution. The neutrality tests (TajimaЈs D, F S , and R 2 ) suggested that populations from NUS have experienced demographic expansion events (however, negative values of TajimaЈs D were not statistically signiÞcant), but not in the other haplogroups. Mismatch distribution of observed mitochondrial haplogroups is consistent with population expansion in the NUS haplogroup, and further revealed that whereas the SMOC haplogroup also experienced demographic expansion, the SUS and SMOR haplogroups did not. Both HarpendingЈs rg values of the NUS and SMOC are much lower than those corresponding to the SUS and SMOR haplogroups (Table 3) . Lower rg values are expected under the population growth model (Harpending 1994) . Lastly, the average number of nucleotide differences is almost the same for the NUS and SMOC haplogroups, indicating that the ancestral populations of these two groups expanded at about the same time. Similar results of all these different approaches strongly support the hypothesized demographic expansion of the NUS and SMOC haplogroups, but not in the SUS and SMOR haplogroups. Estimation times of the putative expansion event from for both the NUS and SMOC haplogroups were set in the middle to late Pleistocene, probably after a period of strong bottlenecks because of past glaciations. In any case, the two approaches are consistent with PliocenePleistocene demographic expansion in the NUS and SMOC haplogroups. Our results also agree with studies performed with other Dendroctonus species of similar distribution (Maroja et al. 2007 , Mock et al. 2007 ). Nonetheless, caution must be taken in interpreting these results, because a single locus analysis should not exclude different models of selection rather than demographic expansion.
Divergence Time Estimates in D. pseudotsugae. The AV hypothesis also predicts a relatively early divergence between the Cascade Range and northern Rocky Mountains (1.8 Ð2.6 Myr or earlier); however, estimates of divergence time between the NUS and SUS haplogroups yield only 0.47 Myr, about the middle Pleistocene. One possible explanation of this result is that the D. pseudotsugae lineages within these two haplogroups have experienced signiÞcant divergence, but with some intermittent contact through time and continuous expansion northward into North America long before the last glacial maxima. Longer divergence time between NUS and all other haplogroups (Table 4 ) could be the result of refugia within the PaciÞc Northwest via the Rocky Mountains and long-term isolation from southernmost populations in Mexico. However, the Mexican D. pseudotsugae lineages experienced differences in host availability as a direct consequence of climate change. In this scenario, the southern range of Douglas-Þr may have provided multiple refugia, whereas glaciers covered most of its northern range. Similar results have been found in other groups distributed in nonglaciated areas, such as longhorn cactus beetles (Moneilema spp.) (Smith and Farrell 2005) and the Chinese Hwamei (Leucodiptron canorum canorum) (Li et al. 2009 ). These results are in agreement with the past distribution of North American conifers and the evolutionary history of the host Douglas-Þr, which indicate that the warmer climates of interglacial periods pushed conifers northward of Colorado, New Mexico, and Arizona (Brown 1985) . However, environmental changes reduced the population size of Douglas-Þr and forced fragmentation of distribution range southward into northern Mexico (Li and Adams 1989; Aagaard et al. 1998a Aagaard et al. , 1998b Bartlein et al. 1998 ). These events may have led to the isolation of populations from Arizona and promote the divergence of another, different lineage.
The genetic variation among tree host (P. menziesii) has been tested in previous studies based on allozymes, random ampliÞed polymorphic DNA markers, chloroplast, and mitochondrial sequences (Li and Adams 1989; Aagaard et al. 1998a Aagaard et al. , 1998b Gugger et al. 2010) . These studies have revealed two groups consistent with the coastal (P. menziesii var. menziesii) and interior (P. menziesii var. glauca) varieties. They also have shown that the interior variety is separated in northern and southern subgroups near the 44ЊN latitude. The single Mexican population analyzed in one of these studies showed a pattern of strong genetic differentiation when compared with all populations north of Mexico (Li and Adams 1989) . Nonetheless, additional studies will be necessary to conÞrm the degree of differentiation between Mexican populations of Douglas-Þr and those from North America north of Mexico. Our results are congruent with a north-to-south differentiation pattern, as there are two clearly divergent clades for each D. pseudotsugae subspecies (Fig. 2) . However, the two divergent clades between D. p. pseudotsugae subspecies do not account for coastal or interior varieties, as was found using isozymes (Stock et al. 1979) . Instead, our results suggest that divergent clades lead to a pattern of longterm isolation of southern Rocky Mountain D. p. pseudotsugae populations, revealing that for this subspecies extant host varieties have been less important than local adaptations.
